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NATIONAL ADVISORY COMMIdFOR kEZON.AUTICS 

R?JSEARCHMEZ4ORA$JDUM . 

for the 

B~eau of Aeronautics, davy Depktient 

WIND-TUNNELJESTS OF A $-S&B P&~ M6DEL . 
r_ . 

: OF TH.E X'IB3F-l+IRPLANE 

TED NO. NiXA 2382 

By John W. McKee and Ra&ond D. Vogler 

A i-scale model qf the Grumman XTB3F-1 aimlane was tested in . 
the Langley 7- by lo-fooi twylel to determine'the stability and control 
chz?acteristics an.& to provide data for estimat;ing the airplane , . 
handling qualities. The report in&Luaes longitudinal and lateral' 
stability'ana control cha,rac%ristics of --the comlete mod&l, the 
charactitristics of the isolated horizonta3 tail, the effects of 

. various flow conditions through the .jet duct, tests with external 
stores attached. to the underside of the wing, ana tests simulating 
landing an& take-off conditions with a gourd board. ** . 

The handling characteristics of the airplane have not been 
coni-puted but some conclusions were indicated by the am. An 
improvement in longitudinal stability was obtained by.tilting the 
thrust line a0tm. It is sholm that if the wing flap is spring- 

' loaded so that the flap deflection varies with airqeed, the airplane 
will be less stable then with the f-lEG retracted or fully aemsctea.' 
An increase in size of the vertical tail and of the dorsal fin gaye 
more desirable yawing-moment characteristics than the original vkrtfcal 
tail and. dorsal fin. Preventing air flow throu& the jet duct 
system or simulating jet operation with.unheated air produced only 'I 
small changes in the model characteristics. The external stores-on ' 
the underside of the wing had only small effects on the model . 
characteristics. 

. . 
After completion of the investtgation, the moaelwas returned 

to the contractor for modifications idiikated by the test +esults. 

i 
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. . Zt3YTRODUCTION 
, 

At $herqqxe&of the Bureau of Aeronautics, Navy Departm ent, a . 
Q-scale gowered m odel.of the Grum m an XTB3F-1 airplane has been tested 
to Drotide data for estim ating handling qualities specified in 
reference 1. Sufficient datawere obtained'to allow for estim ating 
the m ost -o&ant longitudinal, directional, and lateral static 
stability and control characteristics both near and away from  the 
growa. - / 

j COElFFICrnNTs AND SYMBom , 
I 

The results of the tests are presented as standard NACA 
coefficients of forces and m oments. Rolling-, yawing-, and pitching- , 
m oment coefficients are given about the.center-of-gravity' location . 
sholm  in figure 1 (25 percent of the m ean aerodynam ic chord). The 
data are referred to the stability axes, which are a system  of axes 
having their'orig%n at the center of gravity and in which the Z -axis 
is in the plene of sym m etry and peq?endicular to the relat%ve $nd, 
the X -axis is in the plane of syim netry and perpendicular to the 
Z -axis, end $he Y-axis is perpendicular to the plane of sym m etry. The' 
positive directions of'the stability axes, of angular displacemznts 
of the airjlane and control surfaces, and of hinge m oments are shown 
in figure 2.. . . . . . - . . . I _ . 

The io&ficients and sym bols are defined as follows:', 
,i . 

*I'. . . ,. I, . . . *.* 
%  lift coefficient (Lift/&) ,,.. . ':, ,* . ‘a' ' . : .*: 

1' . . '. 

%  horizontal-tail lift coefficient fLiPt/&t) . . . . .* **  
. . . . .I *  I ':, : 'a,, *  :‘. . 

CX ~longitudkal~foroe' coefficient" ix/c&) ,' .*“ z 
.: . . . . I, .;* *, 

%  1ateralLforce coefficient (Y~qi) . '. ' . I ' 1:“... :: ' *  
' 6. *  -,. ' 

"2 " ' . ,, ,:‘% 'S. 

‘rn . pitch&g"piom ent &efficient (M/&c') : , 
cn yawing-m oment coefficient (N/qSb)- . . . . 

‘h . hingelm omxx+ coeffkent (H/QbfE2) 
, . 

, . ,,-*. *  
y$@p&JJgggp&.'_ **  

‘. 
UNCtASSiFl~P 

-. ,. 

‘,( ** 1 ,. 
I. 

, , L. 
.:y; 5’ 

._- _- -_. _ _____._- _---.._I_~-- ____-.---4-.---- 114_--~. -~- 
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Tc ’ 

Qc ' 

. 1 .. . . . . 
effective thrust.coefficient based on ttig area (Te,f/qS) 

torque coefficieqbbased on wing area ana. 8p.n (Q/&d . 

QC torque coefficient 

X 

.I 

Y 
z 
L 

M  

N I 
H 

Teff 

Q  

9 

%  

S 

St 
C 

C’ 

c' 

b 

II' 

v  

v/a 2ro2eller admnce-diameter ratlo 

~~2?t8=-~ . ..I ._. . i ,*! , 
\ . 

, . 

forces along axes, pounb , 

. . 1. . . 
Q  

moments,.@5out axes, poun&-feet :. ' 

hinge:mo@ent of control surface,' poun&-feet . . . 
]?ropeller or jet effedtive thrust, pounds . 

propeller torque,'pouna-feet 
. . 

free-stream apam pressure, p0mas _aer sqUare foot (pv*/*) . ._ . . 
effective dynamic pressure at tail;pdmas per square foot 

wing area (8.573 sq ft on*moael) - . . .: 

horizontal-tail area (2.14 sq ft on m&Iel) : :z 

airfoil section chord, feet 

tring mean aeroayna;mic chord (M.AX.) (1.198 ft on moael) 

root-mean-q&m chord of a control smface back of hinge 
lzi.ne, feet 

xing span (7.50 ft on model) 

control-surface span a;long hinge line, feet 

air velocity, feet per secona 

_  _-. ..,..... _.  r--l-_ c_ ___ .  ._.- --._ --‘--- . ..*. - ---?-,-----I__? 11--- _  ___-  ~- _- - 
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stalling speed. of a&rplane, gliae confiGJaration 

stalling speed. of airplane, land.3ng configuration 

' srogener diameter (1.625 ft on model) 

Dropeller speed, revolutions per second 

mass density of air, s$ugs per cubic foot 

angle of attack of original thrust line, depms . 

angle of attack of tail chord Une 

angle of yaw, &gee8 

angle of stabilizer with respect to original thrust line, 
positive when trailing edge is down, degrees 

angle of the fin with respect to the plane of symetry, 
positive when trailing is to the left, &sees 

control-surface aeflection, degrees 

fantadl aefmtf0n dth respect to the stab3fizer, 
positive when trailing edge is depessed, degrees L 

propeller blade angle at 0.,75 ratius (22O on model, except 
' vhere other&se noted) ., 

taii-off"aerodynam%c-center location, percent wing mean 
aero&ynamic chord 

neutral-point location, percent rting mf3an aerodynamic 
chord. (center-of-gravity location for neutral stability 
in "crimmea flight) 

a 

0 

aileron (aB, ai, right an& left q9leron) 

elevator 

r rudder 

. I  

* .  ,  

.  I  .  .  

” . 

_ _. _ ~.._ _..- --_- -~-- ___-_-_-- _____ . _ ----_- ___..___ --~ --_- 
. 
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f flap 

* . -..‘:: 
Q  ‘I’: denotes pa&gal derivatives of a coefficient with respect 

to gav (6xahple: c$ .= ac2;/*) . I 

MODE& AND APPWW!'US : . 1, ' . * . ,: . . 

The, XTB3F-1 airplane. is a'two-piade &awing-carrier-base& 
torpedo bomber with conventional retractable landing gear. It is 
powered. with a reciprocating engine in the nose driving a single- 
rptation'pro&eller arid a jet engine ltith air %n lets in the root of 
the w5ng and jet exit at the tail. Various sizes of engines may be .' . ;Installe& in the airplane. In the present report the airplane is 
treated. as .having a Pratt,& W h itney R3350-24 engine ena a 
Wes@nghouse.&-C jet engine. The &irplane is designed to carry 
a torpedo internally ma a raaez unit, a varied assortment of 
rockets, bombs, gas tanks, an& gun packages externally under the 
wing. -The elevator has some overhang balance, the rudder has a 
small shielded horn, an& the ailerons.have Unked~plate internal 

f bala?ce and. spring tabs. A summary of the physical,oharacteristics 
of the aErplane^'.ls ,presented in table I.' 

: The model was furnished by the Grumman Air.crsft Engineering 
Corporation. A three-view drawing of the &scale model 2s shown 
in figure 1 an& photographs of the model mounted in the tunnel are 

,@ireninfigure 3. ;. 
. . ' . 

The wing of the model was equippea tith.a'slotted trailing-edge 
landing flap which on'the airp1ane.i.s 'spring-@aded so..that the 
meZmum flap deflection varies with lift coefficient as shown in 
figure 4. Pla3.n ailerons Frhich could beilocl~a a% any'desired deflection 
were probiaea. . . _.. . . I . ' 

*The vertical tail and dorsal f&of the model as furnished 
(fig;..-5). were modified during the course of.the, tests. For some 
tests the erea of the .vertical tail was increased by addition of 
area at the tip or root uaing'straight-line fairing and the original 
dorsal fin w&.,repticed. by the large‘dorsal fin (fig. 6). The 
vertical-tail revisions compare geometrically %U shown in table II. 
Except where otherwise noted,the 'vertical tail was set at en angle of 

'of -2'15' to the airplane center line.. The dorsal fins were shifted 
fore an& aft along the fuselage with ch&nge',cf. vertical tail so as 
to always meet -the-leading edge'of the fin;/‘:... 

' ~ _- ,, d:'::. 
. . ' /. . 

_ ._ _ _~- _ __ _-...___- _ ---- ------se --- _--- --.. ---- 
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Details of the horizontal tail of the model are given in 
figure 7, and stabilizer and elevator ordtnates.-3re given in table III. 
For tests of the isolated horizontal tail, a block (fantail) was 
a&led to replace the piece between the two halves of the elevator 
that remains fixed to the fuselage of the model. The fantail was 
attached to the stabilizer an6 pivoted about the stabilSzer pivot 
point (1.67 in. ahead of and 1.30 ti. below the elevator hinge line). 

The model was equipRed with a four-blade propeller using 
blades A of reference 2 cut ~OVI-L to a dismeter of 1.625 feet. The i 
propeller was driven by a 33-horsepower electric motor, the speed 
of which was determined from an electric tachometer whose error is 
within *0.2 percent. The original propeller thrust line is shown in 
figure1;irnd the thrust line tilted down 30, ~n.figure 8. 

For simulating operation of the airplane jet, the fuselage of 
the model was fitted with cut-outs which made it possible to duct 
unheated iir into the model from a blower located outside the tunnel. 
The outs~ile air could be used in an aspirator device to draw air 
through the wing inlet duct'tb exhaust at the model jet exit, or the 
outside air alone could be used to simulate the jet. Details of the 
setup.'are shown in figures 9 and 10. 

Ducting the a2r supply onto the tunnel balance frame introduced. 
large lift forces and rolling moments which were balanced by 
compensators installed on the tunnel balance system. Except for 

. errors in compensation, the outside air contributed only a thrust force 
along the jet axis. 

External stores to be attached to the underside of the wing of 
the model included two 1!50-gallon fuel tanks, two tii3n .5O~calfber 
m paclratp, and a radar unit for the right wing tip (fig. 11). 
The attaching support for the radar unit was a short streamlined 
strut. The supports for the tanks and gun packages simulated an 
airplane Installation consisting of short pylons and sway braces. 

The model configurations referrod to in the text ani on the * 
Pigures were as follows : . * 

Configuration 

Glide 
Power-on clean 
TJanaing 
Approach 
Wave-off . 
Talre -off 

Power 
. (piston engine only) 

Windmilling propeller 
Normal rated power 
Windmilling propeller 
l/2 normal rated Rower 
Military rate& power 
Varying T,' at constant a 

0 
0 

gill 
50 
20 

Landing gear 
I 

Retracted 
Retracted 
Extended 
Extended 
Extended 
Extended 

--~ .- _._ __--_.- .- _-_- _-.- _--- __---~_-. 
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When the effect of the ground. was required, a ground board 
which completely spanned the tunnel end extended about 40 inches 
ahead of e&l 8O inches behind the pivot point of the model was placed 
below the model (figs. I2 and L3). The ground boar& was positioned. . 
to give &minimum clearanke of l/4 inch at the main landing-gear _ ..I 
wheels with the length of ianding-gear strut corresponding to the 
static wheel position. 

. . 
Without the ground. b0+L in place, the wheels were in the fuJ& 

extended position when the landing gear was extended. 

TESTS AND REEDITS 

Test ConUtions 

Langley 7- by lo-foot tunnel.- The tests were made at Qnemic 
pressure of 16.37 ~ounds'per square foot except when the test speed 
was limited by the thrust available from the mo&el propeller or jet. 
Tests with mikitary rated Rower were ma&e.at a dyn&c pressure of 
9.21 pounds per square foot,, tests of the jet effect at 4.09 p0t.md.s 
per square foot, and tests lrith high values of Tc,! with the ground 
board in place at 4.09 and 2.30 pounds per square foot. The dynamic 
pressures correspond. to airspeeds between 30 and 80 miles 2er hour. 
The test Reynolds numbers were between 300,000 and 900,000 based on ' 
the wing mean aerodynemic chord of 1.198 feet. Because of the 
turbulence factor of 1.6 for the tunnel, the effective Reynolds 
number (for m%ximu~~ lift coeffic%ents) at a dynamic pressure of 
16.37 pounds per square foot was about I.,~OO,OOO. 

Langley 4- by 6-foot tunnel.- The tests were ma&e at a dynamic 
pressure of 13 Rounds per square foot, which corresponds to 833. 
airspeed. of about 71 miles per hour, The test Reynolds number was 
about 465,000 based on the.average horizontal-tail chord of 0.708 feet. 
Because of the turbulence factor of 1.93 for the tunnel, the effective 
Reynolds number (for maximum lift coefficients) was about 900,000. 

Corrections 

Complete model.- The data obtained with the ground board'in 
place were not corrected for tares caused by the model support strut 
because of the impracticability of obtaining tares. Jet-boundary . . 
corrections were not applied because they have been shown to be 
negligible for the ground-board test installation. The data obtained 
with jet operation simulated were not corrected! for tares caused. by 

. . 

..-- -. ^. __ -. ___._ “_ ‘ T!-:-‘c;22+ *a I-.. A.--.--- ^-__.- ____ __ .-_ ._-. _ .-_ .__- -_ .--_--_I_.-- -. 1 - 
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the m oael.support end air-supnly equi$ent., The m odel with external 
stores was tested inverted so-that interference between the supFort 
strut ana the,external stores trould be sm$l., and no tare corrections 
were applidd to the data. All other'data have been corrected for 
tares caused by the m odel support strut; ajnd jet-boundary corrections 
have been applied to the angles of attack, the drag coefficients, an& 
the ta$l-on pitching-m oment coefficients. The corrections were 
coquted as follows by use of reference 3: . . 

kcc = o.g58cL, . 

AC= = -0.0142CL2 

:* 

“cm = -7.06c~ f+& - &$@$ . ~,, 

where ACG is 2.n degrees. All'jet-boundary corrections were added %o 
the test data. 

Isolat&l'horizont& tail .- All data have been corrected for 
tares caused'by the m odel Gport strut. A  jet-boundary correction *  
has been aFplie& to the engle of attack as follows: 

: 

+ut ‘= 1.46ch 

The jet-boundary correction to the hinge m oment was considered ' 
negligible. 

‘ 

Test P rocedure 

P ropeller calibrations were m ade by m easuring the longitudinal 
force of the m odel with flass and landing gear retracted and tail 
off at an an&Le of attack of O" for a range of propeller speeds. 
Thrust coefficients TJere determ ined. from  the relation 

_ . 
T,C 

. I 
= cx ” ~ 

propeller o_nerating '-'c~ropel.ler rem oved 

- 

c_ ____ - _ ___- _II.-- --I-_ - - .-----~ ~- _--~.- ._.._- -___ ___.. _. _- .----_ - 
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The torque coefficienti were compubd by use of a'calibration of 
motor torque as a function of minimum current. .The results df the 
model propeller calibration are presented in figure 14. r 

The variation of thrust coefficient with lift coefficient for 
the full-scale airslane an& the model is shown in figure 15. The 
data for the full-scale airplane were obtained from the Grumman 
company. The estimated. thrust coefficient and model torque coeffi- 
cient for take-off are presented'in figure, 16. The thrust coeffi- 
cients of the airglane were reproduced during power-on tests by the 
use of figures 14 ana 15 to match the propeller speed an& lift . 
coefficient of the model. The value of Tcf for the tests with 
propeller win&milling was about -0.03. In general, the torque coeffi-' 
cients for the moael were nearly the seme as the airplane coefficients 
(fig, 17). . 

At each'angle of'attack for'power-oii yalr.'tbsts the propeller 
speed l?as held constant throughout the yaw range. Since the lift 
and thrust coefficients vary with yaw vhen.the propeller speed and 
an@.6 of attack me held constent, the thrust coefficient is strictly 
correct only at zero yatT., : . ,.. . . 

Lateral-stability derivatives T7ere &tained from pitch tests at 
angles of yaT7 of t5O by assuming a straight-line variation bet+een 
these points. The l&&e-sym%oi points on the plots,of lateral- 
stability d.er4vatives were qb'"cained by measuring slopes through 
zero yaw from yalT,tests. 
windznlliing. 

The @ l&on iests were bade with propeller 
. .I .a. 

The model was tes%e& &th i‘&& c'or;fi&&ations of the jet system. 
For the most part and except where btherwise noted, the duct system 
was clear from wing inlet to tail exit with no restriction placed 
upon the flow of air. 'For 'so&e' tk&s' the air-supply setup as shown 
in figure 9 was installed. an& tests were made with the following 
confifgmitibns :’ . . . * . 

. . , . 
Flow cbnd&tion '!F"" -- 

plugged. 
T$sts'with thb jet exit smi inner nozzle ' . . . 

I * . . ,- 
'Flow' condition "I" '- Test's made duplicating full-scale mass 

flov into wing i&eta aid ais &+3t of jet. The I133ow corresponds 
to full-scale flow conditions realized with the Illestinghouse 24-C 
jet unit operating at 12,000 rpm at sea level. Average values of 
mass flow oIAaine& in the model tests compare with full-scale data 
as sholm in figure 18. 

..i~-__ - .- - 
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Flow condition *'Sti - Tests made with a straight section replaciw 
the inner nozzle (fig. 9) so that thrust of the jet could be sim- 
lated. while flow of air into the wing inlets was zero. 

The Tc' variation with CL duplicated by jet simulation is 
shotm in figure 15 cbn'cluded. L. 

Presentation of Results . 

The results of the test are presented in the followtig figures: 

(1) Longftudinal: 
Glide configuration: ' 

Original thrust line .................. 
Thrust line tilted down 3O ............. 

J?ower-on-clean configuration: . 
. Original thrust line ................ 

Thrust line tilted dotm 3O ........... .. 
Landing cotiiguration: 

: 

Ori@nalthrustline ................ 
Thrust line tilted do1711 3O ............. 

Approach configurat$on: 
Original thrust line ........ ; ....... 
Thrust line tilted dolm 3O ............. 

Trtichan@s ..................... 
W ing-fla2 deflection ....... i ......... 
Propeller blade angle ................. 

rg(d 
19(b) 

20(a) 
20(b) 

2i(aj 
21(b) 

zlb&j 
. 23 
* 24 

25 
Neutral points . . . . . . . . . . . . . . . . . . . . ;6, 27 

(2) Lateral: 
Stability parameters . . . . . . . . . . . . . . . . . . 28 

\ Characteristics in yaw: 
Glide configmation . . . . . . . . . . . . . . . . . 29 
Power-on clean configuration . . . . . . . . . . . . . 30 
Larding configuration , . . . . . c . . . . . . . . . 31 
ApproachcoxxQuration.. l l . ..D.6..*.... 32 
ls'ave-off configuration . . . . . l i . . . . . l e . . 33 
Propeller blade angle . . . . . . . . . . . . . . . . 34 

Aileron characteristics . . . . . . . . . . . . . . . . . 35. 

I 
m 0 ___-.- - --~-~ -~~--;II -----l-T-I-- -._._.. -_-- --~-. - 
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(3) Jet $+mQation: " . .' . 
LongilMina~:, 

&o@d$?~ off; flow cdndition '2': ;‘.I . . .;:, ; b . . 36(a) 
. . . ..PropeU.er bff,: flolf condition "s" . . . . . P J Se :;' : :i . 36(b) - 

..:P+ope~er off, fl?l7'conaition '9". . . . . . . < 1:' :. 36(c) - . . . Pot7er.-on clean configuration, flotr contW&~ 9' . . . 36(d) 
Power-on'clean configuration, flow condition, *'I!' !. . 36(e) 

I. .' Neutr~l'points . . . . . ; . . . f . . . . . .,. W . . -37 
: , I Xakd%ng config&a$~on, a&t system,.open and closed . . '.3& 

chakacteristics*in y&l?: : : 
Glide configuration, flo37 cond&tions 'P" +.?'T' . . . 3g.c- 
Landing configuration, a~ct'system open and, closed . . 40 * , 

’ (4) Ground Boei: ’ ’ . ’ 
- .  1 

. 
Len&in& .confi.gur~tion . . . .I : . . . . . . J . . . . e . .I 41 
Take-off confliguration: 

Elevator,control .I? . . . . . . . . . . . :‘. i:. . . . . 42 
Rudder control, .q = 0' ; . . . .' . r . . . . . . . . . 43 
Rudder control, simulded crosswind . . . .:&:. . . . . 44 '. . . ." 

(5) External Stores: _ . . , . . 
Characteristics in pi&h . . . . . . . . ; : . . . '. . .45, 46 
Lateral-stability parmeters . . , . . . . . . . . . . '2.: . . 47 
Characteristics in yaw . . . . . . ‘. . . . . , .,,* . . . . . 48 

(6) Isolated Horizontal Tail: 
, I 

Elevator deflection . . . . . . . . :i , ; . . . . . . 49(a) 
Tab deflection * . i . . . . . . . .: . . ~. . . . . . . . 49(b) 
Fantail deflection . , . . . . . . . . . . . . . . . . . . :49(c) . : a, , 

. DISCUSSION 
. . 

Data are presented froi,Jrhich handling cha@&er9stics‘ of the 
airplane can be estimated; however, this"discussidn will present 
only the more important orwsualresults' indic&ed by the 'data. . . , . 

Lon@tudinal stabil9ty.T The restits 02 the 'tests -id determine 
longitudinal-stability characteristics.are present&& In figures 19 
to 27. 'The data of shhrt tests run consecut‘ively to aid in the 
estimation of the most important trim che&$s of section D-6 of 
reference 1 are presented,in figure 23; these; da.++ should be used in . 
conjunction with the more complGte &da of figures 19' to 22 an& 
49 to determine the increments of'ele~at~~.deflection an& hinge moment 
required to ba&ance the trimchanges.due to &@$ge.of engine power 
tia flap defled3id.G L-..The model propeiler w&s not'similar to the ., . 

. - __ -~-. ._.- -_---^---_--.-_ -_____.._ .- _ . .._.. ----- -._c--.__ _.._ *_-_-_--__- - 
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full-scale pro@ler in many respects but t&e’ proper‘ordltr of side- 
force factor was obtained in most of the tests. An idea of the 
i?qort@ce.of bl@e Wgle can be obtained from figure 25. 

:..)I . . 0' . ' 
:The;esttiated-neutral'goints summarizing the static longitudinal 

stability are nresen%d'in figures 26 and 27. Neutral points for 
the fl&;blow-u$ bondition were'determkned from curves obtained by 
making cross plots ofmthe data of figure 24. Above a lift coefficient 
of about 1.07, where the'flag deflection reaches 50' (fig. 41, the 
neutral-point curves~,~~$ll merge with the cf = 50' curves. The flap 
blow-up condltion.resu&ts in less stability with the tail on and 
greater stability itith the tail off thrzn.with the flap set at either O" 
or 50°. Tilting the thrust axis down 3O is sham tc increase the 
stability for power-on conditions, but even then power has a decidedly 
destabilizing influence upon the neutral-potit location. 

A positive'static margin%3 required (referehce 1) for speeds 
above.l.4VSG in the 'power-on clean configurationj with the tilted 

' thrust line, this requirement is met. The flap blow-up approach 
configuration shows a small. measure of 9nstability for the rearmost 
center-of-mavitg position at a lift coefficzent of.l,O, but the 
beneficial-effects-gained by tilting the thrust line 
in about neutral stability. It should be noted that 
approach configuration is slightly too low for level: 
(class IV airplane, reference 1). 

$h&iLd $esult 
the Dower for the 
flight at 1.15VSL 

Lateral stability.- The lateral-stability parameters of figure 28 
(original vertical ta$l, original dorsal fin) seem to be satisfactory, 
with power having relatively small effect on the slope of yawing- and 
rolling-moment coefficients. Tests through the yaw range (figs. 29 
to 33) show somewhat different results. Power markedly reduces the 
effective dihedral at large angles of yaw when the flap is deflected 50°, 
and the yawing-moment curves are nonlinear so that for the power-on 
clean configuration the directional stability near $ = 0' is very 
low. It can be seen that increasing the size of the vertical tail 
peatly improved the directional stabiliQr near 9 = Oo and that 
increasing the size of the vertical tail or the dorsal fin iqroved 
the yawing-moment characteristics at large angles of yaw, 

Tests with maximum IQ and aOlM deflection of the right aileron 
(fig. 35) indicate that the ailerons remain effective up to the 
stall angle, power off. . . ., 

Jet simulation,- Except for the change of longitudinal-force s a 
coefficient, the operation of the Jet or free air flow through the Jet 
produced only small changes in the model characteristics. (See 
figs. 36 to 4-C.) Some of the changes of pitching-moment characteris@.cs 

\ 

--- P-__--_I I_------ - 
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with c h a n g e 'd f jet o p e r a tio n  th a t a p p e a r  in  th e  d a ta  s e e m  to  b e  d u e  in  
inaccura te  tes t d a ta , pa r tly d u e  to  th e  low tunne l  tes t s p e e d  a n d  
B a r tly d u e  to- inexact  c o m p e n s a tio n  o f th e  loads  in t roduced by  duc tin g  ~  
th e  a i r  supp ly  o n to  th e  ba lance  fram e . E levator  h i n g e - m o m e n t coe ffi- 
c ients we re  n o t apprec iab ly  a ffec te d  by  o p e r a tio n  o f th e  jet, 
ind icat ing th a t th e  jet d id  n o t c h a n g e  th e  flo l r  cond i tions  a t th e  
tai l  surf  aces  ; . . I 

*, '. 
G r o u n d  b o a r d .- T h e  p i t ch ing -momen t d a ta  o f figu re  4 1 'ind ica te  

a  ra the r  sha- rp  dec rease- in  e ffec t iveness o f th e  e leva to r  con trol a t 
d e flec tions  h ighe r  th a n  20°  o f up -e leva to r ; S u fficient con trol is 
avai lab le,  howeve r , to  p rov ide  trim  a t a  lift coe fficient o f a b o u t 
1 .8  ( three-point  a ttitude )  fo r  cen te r -o f-gravity pos i t ions as  fa r  
fo rwa rd  as  th e '1 9  pe r cen t m e a n  ae rwemic  cho rd  posi t ion.  

T h e  d a ta  sim u lat ing take -o ff (f igs, 4 2  to  44 )  d o  n o t, o f cou rse , 
' i nc lude  th e  g r o u n d  reac tions  o n  th e  whee ls  wh ich  m u s t b e  cons ide red  

w h e n  es tim a tin g  th e  con trol d e flec tions  fo r  Tim  du r ing  th e  take -o ff 
r un . T h e  p rope l le r - to rque coe fficients, wh ich  s t rongly  in f luence 
th e  ro l l i ng -momen t coe fficients; a re  p resen te d  i n  figu re  1 6 , T h e  
ro l l ing m o m e n t~ is near l y  ze ro  fo r  th e .crossM n d  take -o ff d a ta  (fig. & >  
b u t wou ld  have  la rge  n e g a tive va lues  fo r  a  c rosswind  from  th e  right. 

E xternal  stores.-  Fo r  these  -tests (figs. 4 5  to  48 )  th e  m o d e l  
was  m % & d  inve r=wi th  n o  ta re  cor rect ions app l ied . T h e  abso lu te  
va lues  o f th e  d a ta  a re  the re fo re  s o m e w h a t S n  e r ro r  b u t th e  i nc remen ts 
d u e  to  th e  ex te rna l  s tores shou ld  b e  re l iable.  T h e .p resence  o f th e  
ex te rna l  s tores h a d  very  little e ffec t o n  th e  stabil i ty cha rac terist ics 
o f th e  m o d e l . A n  inc rease  in  th e  d rag  fo r  th e  w indmi l l ing  p rope l le r  
cond i tio n  a n d  a n  t ic rease in  th e  lateral  fo rce  d u e  to  yaw  can  b e  
n o ted j  al l  o the r  e ffec ts a re  smal l  o r  i nde te rm ina te . 

Isolated ho r i zon ta l  tail .- T h e  d a ta  o f th e  iso la ted ho r i zon ta l  
ta i l  (fig. 49 )  can  b e  used  to  s u p p l e m e n t d a ta  o f th e  comp le te  m o d e l  
w h e n  on ly  lim ite d  e leva to r  cha rac terist ics we re  o b ta ined . P rope r  
accoun t shou ld  b e  ta ken  o f th e  dynamic  p ressu re  ra tio  a n d  d o w n w a s h  
ang le  a t th e  tai l  o f th e  m o a e l  IThen us ing  th e  iso la ted ho r i zon ta l  ta i l  
to  es tim a te  f ly ing qual i t ies.  . 

‘* . 

C O N C L U D ING  lX & U R K S  
\ 

D a ta  a re  p resen te d  from  wh ich  hand l i ng  charac terist ics o f th e  
G r u m m a n  X T B 3 F - 1  a i rp lane  can  b e  es tim a te d . 

_ *  -.  ---  ---  -  - -  . - - . - -  x  --  ,  _ - . _ _ _ c _ _  ^__ . - - ^ .__  
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The results of the longitu&inal-stab5liig,investigation'sho~? 
that es1 improvement ingower-on stabilSty can be obtained by tilting 
the thrust line down an& that a spring-lotied flap trhose deflection 
decreases with increasing airs_aeed will causa'the airslane to be.less 
stable than with the flap retracted or fully deflected. 

. . *- 
Iqteral-stability tests indicated'that an increase in size 

of the vertical tail end. of the- iiorsal fin gave more desirable 
yawing-moment characteristics than the original'vertfcal tail and 
dorsal fin. Aileron effectiveness was maintained up to the stall 
angle, power 022. 

. PreveniAng air -flow 'through the jet duct syktem or simulating 
jet operation Ttith unheated air produced only small changes in the 
model characteristics. ' , 

Sufficient elevator control bias sholm for lank in the three- 
pojnt attitude. 

!I!he :?resence of external stores on the tier&de of the wring 
has little effect on the stabili3$ characteristics of the model. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
I. 

’ *1 12 ‘1 I A:, ‘.,.- 
/ 

4 
‘- / John W. McKee 

Aeronautical Engineer 

,f> - :t*j-.-* -/j., ; d- ;L‘$--~.~,*,~~~~, 
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_- j:: 5-p Hartley A. Soul6 
"Chief of Stability Research Division 

\ 

CJB 

, 

.___ __ I-~- _I_ ---7 - _- __ __- .~ --__ _. . ^~ _. 



NACA RM No. i7Gl7' *' " " 
. . 

B . : , 15 

.., 
1. Anon.: Specifice,t~&"fr5~StaIklity e.& Control Characteristics 

of Aiqlenes. SR-19pA, Bw. Aero., April 7, 1945. 

U' 2. Lesley, E. P., and Reid, Elliott G.: Tests of 
. Prosellers with .V&i‘ous Pitch Dis-lWlxitions 

Stream and in Gombbiation I+!%,: !tio&elI 13-7 
NACA iiep. No, 3?6,' I$@.. - _. , ; 

Five Metal Model 
in a Free Wnd. 
melage. ' - 

3. Gillis, C?ar&ce 1;:, 'P&h&us', j&k<& C.., add Gray, Joseph L.; Jr,: 
Charts for Determi&n~ &dX3&x&,ry Cor&kions for CornpIe%. 
Models in 7- by lo-Foot Close& Rectengulax TtTin& Tunnels. 
NACA ARR N& +3$ .19&T. 

-. ..: . .- 
. * - . . . 

I * 

- .- , 
-. 

s . 

- . 

1 . . . ,- s. 
- .- .._:- . 

: . I ’ 

s _  “.. * 

. . . 

. . . . * 

- .,:. 

. I 

:: 
, 

, . , . . r . 

\ 

. - 
. . 

‘. 
, . 

. 

.I . 

-. . 

. . . . 

. - . - . 

1  . . . . 

. . 

. . 

I_ L  . . , 

I .I . 
.* - 

-:..., 7  
.i!!#.. . ;.. ,. 

_.- -_ .__-. ,-.._ . . a_--_.  L .C_ ___,  _---  .-. .-. I _.- ____^s_ -_-r_-_-_I__- . -__ ;~ ___-m~--.---.-- --_. - ._ 



1.6 NACA RM No. L7Gl7 

PHYSICAL CXARACTERISTICS OF GRUMMAN X9!B3F-1 AT,IIpLANE 

lieight ant3 balance: 
Design gross weight, lb . , . . . i . . . . , . , . , . b . 19,470 
Ifine; loading, lb/q, ft . . . . . . . . , . . . , 6 . . . d . 35.5 

, 

Most forward center of-gravity, percenk.M.A.C., , . . . b . . 20.9 
Normal center of gravity, percent M.P.G. . . . , . . T . . . 26.1 
Most rearward center of gratity, perd6ntM.A.C. . . . . . .'.,27.9 
Vertical range, abovexntil%ed thrust line, in. , . * . 1.7 to 8.0 

Wing: 
Span,ft L..,,... * ..,... . . . 1 ‘ s . 

Area;sgft....r......., . ( . . . . 

Mean aerodywmic chord, ft . . . , . ..*... 

Airfoil section at siae of fuselage . NAA 23018 
Tip section . . . . . . . . . . . . . NAcA 23012 
Incidence, deg . . . . . l . . . . . . l . L . , 

Dihed.ral,&eg.. . . . . . . . . . . . . . . s . 

Aspect ratio . . , : , . . . . . . . . . . . . , 

Taper ratio . . . . . . . . , . , . . . * . l . . . 

Sweegback, 30 percent chord line, deg . . . . . . 

H&h-lift devices: 
Center section of wing . . . . . . . 

Aileron 
Area (one aileron) behind. hinge line, SQ ft ......... 16.7 
Span, ft . . I . , . . 9 . w . . . . ........... lo.69 

Vertical tail (original;fig. 5) 
~ea,sqft~............ 
Fin area to rudder hinge, sq ft . . . 
Rudder area ePt of hinge, sq f-t . . . 
Roo&meen-square chord, rudder, ft. , 
Angle to aiqlane center line, deg . 

. , . . l . 60.; 

. . * . . 5'+8,7 

tM&iif;ei G.'iTr 
(Modified T. E.) 
.,b.... 2 
. . . . , . . 
. , . I . . 6.52 
. , . * . . 2:l 
. I . . * * . 0 

0.25 t0 0.30~ sl0tted fbp 

Full flap deflection is 50° 
above a lift coefficient of 
1.07 and varies ttith lift 
coefficient as shotTn in 
figwe 4. Flap deflection 
for take-off is'20°. 

.., . . . . . . . . 45*33- 

. a,....... . 31.58 

. . ...*....* 

.,.....,.C. :3G 
l . . . . ..t.... l2.0 

T NATIONAL ADKISORY 
. . COlhITT@ FOR AEWNATJTICS 

____._.- ---- ___- I___--_--- - -- - 
_ __- -_f-_l x- --- 
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‘I TAT+3 I - Conclude& 

PHYSICAL CtiACTERISTICS OF GRUMMAN XTB3F-1AIRl?LARE y Coqcluded 

Ho$izont&l tqil: * 
e Area, sq ft ,....,*.**.,. 

.' Span,.ft : .**.....*,**.. 
Aspect ratio . . . . . . . , . . , , 

' Elector spawn, ft .'. . . . . . , A . 
: Elevat0r yea aft of hinge, sq ft . . 

Root-mew-qua& chord, elevator, ft 
,Incidence, deg , . . , . . . . , . . 

Control movement: 
Stick,len&h, ft . . s. '. ,. ,. . . ', . 
Elevator, deg . 
Degree elevator/~e~~e's~i~k't~~~ei ., 
Elevator tab, deg . . . , . , , . , . 
Rudderpedalaqn, ft .'. ! , . , . , 
Rudder,deg. +. , . l . . . . . , . 
Degree rudder/degree pedai travel . .< 
Rudder tab, deg . . . , , . . . , . . 
Aileron, deg . , . . . . . . . . . . 
Aileron spring tab, deg , . . . . . . 
Aileron trim tab, aeg . , , . . . . . 

a . l ,. , . . l . .a* 136.84 
..*..*.*... 24.17 
. . . . . . . . ..b. 4.2-j' 
..I.......‘ 
b * 8 .*.**... 
. b*r*ei**r. 
. . . . . . l .:. , . . 2.0 

* 
I 

. .’ * . * . . . . l . -. 1.42’ 

.**a... 

. .‘.‘. l l , L t . l 

. . . . . . . 

,.........a 0.917 
.,.*.....,.* 29-5 I., . 1, 'v '0 . . . . . , . a. a.74 
l *i**r**.... *20 
,...+...*... 217 
. . , .’ l * l .’ . 17 up, 15 down 
.,.* . . . . . . . . . r t5 

Power plant: 
Eng-ine . . . , . . . , . , . . . . .'. . . . :.P..&W*R33~+'4 
Propeller gear ratio '. . . . ., . . . . . . . . . . . d 0,4375 to 1 
Take-off power (engine alone) . . . . . 2500 hp at 2800 rpm (S.L.) 
Jetunit +... Westinghouse 24-C unit (Static thrust = 3000 lb) 

Propeller: 
me ................ Curtiss Electric, Model 732-O 
Diameter,ft ,..;. .................... 13 
Numberofblades ....................... 4 

Lansing gear: 
Conventional (tail wheel) RB&m&bke. kypa, TT&%& ziam3e~~~~oblr: 

NATIOlULADVISORY 
COTJ~MXT= FOR AEBONADTX!S 

--- ,; i. ~--.--__-.------.-._ II__x__- -_-.--I.-.---l___-- -I---..-__Ic-- - _ 
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* ,_ . **,I : -- * y... : i . . . 
T.AI& XI' 

Gj.3.0-C CHARAC'lfERISTICS OF ORIGII?AL @D.MODzE‘zED VERTICAL TAIIX 
. . . . l *- . L  . . . 

\ ^ 
, . . . . ‘ ‘ 8  . 1  

. 

. 
. . _..m i * - - . - . .-- . 

. . .* , . * , * . , . -. 1, 

. . ' -T ...**,..- 'I'ip . . .Orcigbal -'extonaed '_ Base Base 
.3XfXXId8d extended . *_. _ , . , _ * . - : . .-hi1 J : 2.5 in. 2.0 in. 1.5 in. . . . , . . , . . . . . . . . . . 

Rudder &an along 
&axP line,. f3 . . . L.&O , - L2Go. * L.207 ’ 1.165 

Ru&r .~oo$&.&- 1 : 1 , . 
i .‘,.1 . , . . 

, :: .’ ‘ , - 
square. chord,. f.t . .o.'i31 

, - . 
-tep..-..L*.. . --q.w-'w-- , . I , 0.236:: 

: 
Iver$ic&-tail &3& 1 1 1 i : 1 1 1 1 . 1 1 . . : ':' .' * * * .I 

alppg hinge,line, f'k , a.055 .t. ~263 14222: +x80 .a :. 1 . . . . . . .:. . , . a * I. 
'Vert~cai-6351 mea, 1 . 

. ..(. . . ,. . . 
: b.k8'8 . . 0.+74 a '9 

. . . .:. ._ 
sq ft . . 0.856 0.813' t 

- . . . . . ,.. - *, 
LVertical-tail i 

aspect ratio 1.62 2.06 1.74 1.72 ' *I . ,. . . . * * . ( . . . , ., , , 
* -. . -. . - . . * . . 

. . . . 

aAbove 'horizontal tail. 
. - . . . $2 *‘a *’ 

. ' . a.. . “.. 

* .:. : ‘: , 

. . . . .., . !. 

NRTJONAL ADVISORY . ,'* .f* ' 
COMMI- FOR-JQ&ONA'ljT'ZCS 

__-___l__-l___ II ---- .- -__ -. --- ___ 
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!IxBa III 

. . . : i.. 
EORIZOIWti-TAIL ORIXDXJBS XTBT-lAIRpLANE 

(a) Sta-bion, 0; cbo$d length, 83 in .; @evator chord, 26 in. 

Station 
(percent chord) 

, 
'1.25 
2.5 ' . 

: 
10 

Station 
(in.) 

1.038 
2.075 

. 4.150, 
p&5 

16:60 
21.90 
33.20 
bl.50 
l&g,. 80 
57.00 

57.00 
83.00 

tiaimt8 
(in.) 

0 
2.88 
3.80 - 
+.24 

1.38 
1.93 L 

2.70. 
3.26' 

a*:; 
5126, 
5.60 
5.44 Nose radius: 3.54 -fq. 
4.90 
4.00 : 

1 
4.34 

I' 
Straight 

line“ 

r Nose 
Ormte 

(*.I 

) 
Straight 

line 

. 
' , 

. I 

L.E, radius: 1.17 in. I 

. . 

NA!?XONAL ADVISORY 
COB FOR AXROiiAtEECS 
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TA3m IIJ: - concluded 

PORIZONT~-T&L ORDINATEG XfiZUF-1 AflipLANE - ConclUd*d 

(b) Station; '134$ in.; chord length, 52.24 in*; ~ 1, 
818VatOr chord, 22.19 in. 

Station Station Orainat8 
(p8rC8n-b chord; 64 0.d 

1.25 
2.5 

$5 
10 '.* 

i. 

50 
% '.52 
(hinge line) 
57.52 

too 

0.653 
1.306 
2.612 

15.672 

0.56 
979 

1.07 
1.28 . 
L45 
1.88 
2.04 
2.06 
1.95 
1.74 

30.05 
52.24 

> 

straight 
1Fne 

L.E. radiw: 0.32 in. 

El8VSkW NoS8 1 
Station Ordinate 

(in.) (in.) 

26.1g 
27.30 i.56 
'28.41 1.86 
29 -52 1.92 
30.05 1.91 
30.05 Straigh- 
52.24 .I . line 

Nose'radius: 1.6 in. 

. * s; 

NATIONAL ADVISORY 
COMI'4C~ FOR AERONAUTICS 

: 
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FIGIJRE lZGEN5S 

FQwe i.- 'Phree-view drawing of the +a18 model of the X'E33F-1 air@ane. 

Figure 2.- System of aX8S 822.a control-svrface h5nge moments a;nd 
deflections. Positive ValUeS Of fOX85, DlOmBntS, and aIl@.*S aX'8 
indicated, by arrow. pOSiti ValU8S Of tab hi.1168 IiIOrcSntS aIId 
defl8CtiOnS are in the flame diP8CtiOnS as th8 positive values for . 
the control surfaces to which the ta$s are attached. 

Figure 3.- The $-%a18 ZUOd8$ of th8 Gqmman XD33F-1.aizy$ane mounted f‘ 
in the Lan@8y 7- by &O-foot tunnel. 

(a) Three-quarter front vjetr, flaps up.' 

Fipe 3.- Condluded. \ 
, . 

(b),Thr88-cpPb8r reavl V%~'V, flags down. ' . N 

Fi@Ire 4,- Variation of mximm flay deflection with lift coefficient 
for the Gmmman XTE!3F-1 airplane. 

FQuro 5.- ~~aKt.~~ of the OriGinal vertical t%ti Of the +a18 mod81 
of the Grm XTB3F;l aiqlarm. ,' 

Figwe 6.- Modifications to vertical tail of the 8 &3Cal8 mod81 Of 
Grum XTB3F-1 airpJ.ane. 

' Fi@.we 7.- Hokizontal tail of -<he g-s& nlod@.of the Grumman 
- 1 " X9J33pN1 a&q&&*';, . ' 

~iwe ‘8-c Schematic dia@m of:thPUst 1%ne r8visi~~mad8 on the 
&-SC&~ mod@1 of. the Grwlllltan XI!53F-1 airplane. -. . . 

. I 
Fi&ure g.- ktails~of Setip for,;Iet-stitiatick t&t;. Grukam~, 

XTEW-1 ai,rplane ‘md81 '(+ai8). . . 
.' . . 

Fipe,lO.- Setup US8d for'jet-simlation tests on Gmxman XTB3F-1 ' . 
model (&-W&8). . -, . . :. 

Figure lo.- Conkim&. 

Figure lo.- Concluded. , 

. ,  ___- -__. - _._______ -_ -_ ____.-_-- ,-- ,__.-_-. ___-_ -v-v --_ -- .--_I ---- -- 
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FIGURE LEGl%YiX3 - Continued 

NACARM No. L7G17 

Figuxe LX.- Gengxl arrangement of external stores tested~on 8 J.-scale 
m&e1 of Grumman XTB3F-1 airplane. 

' (a> 33 ont view. 

Figuix 11.~ Continued. . 

. ' I (b) Fee-quarter front view. 

Figure ll.- ConclucIed. 

(c) Detail Of gun pqckags. , 
Fiwe 12.- Location of model with respect to @ound boaka; a = 0'. 

Figure 13.- The i-scale model of the Grurqan X!53F-1 airplane mounted j 
_ in the tunnel with growla board in place. 

Figure lk- 1 Calibration of propeller used on B-scale model of the 
,. Ckgnan XTB~-1 airplane. D = 1.625 ft. 

Figure lj.- Variation of effective thrud c&efffci&t w&h Uft 
coefficient for the Grumman FIB3l?-1 airplane. 

. . 
Figure 15.- Concluded. . . 

Figure 16.- Model torque coefficient and. esttiated vaz$a=t;ioxJ.of 
effectzve thrust coezficient WstW aiqlane velocity during take-off 
for the Grumxnan XlB3F-1 airplene'.' Military rated. power, 

. . 
Figure l?:- 'Variation of tor&Ie coefficient with lift coeffkcient for 

the i-see model of the Grumkn Xlf83F-L'aiqlane an& the‘protcltype 
aiqlane with R3350-24 engine an& C!qTiss electric prope&ler. 

Figure 18.- ComlJarison of.mass bow of air into wing duds obtained 
inmodel tests with full-scale Grumman X'TB3F-1 airplane data. 

Figure lg.- Aerodynamic characteristics in pitch of a ii- scale model 
octhe Grw XTB3I?-l aiqlane. Glide cod&uration. 

(a) Orig5.nal thrust line. 

. --__ - 
__~ ____ ___ ;.-_---- 
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FIGURE jXBZ%ES - Continue& 

FIgwe 19.- Continued. 

(b) Thrwt~l&e tilted, a0lm 3O. 

Figure lg.- Continue& 

(II) Continued. 

Figure 19. - CmcXuba. 

(II) Concluded. 

Figure 20.- ‘1 Aero&nanxic characteristics in pitch of a z-scale model 
of the Grumman XTB3Fi1 airplane. PoyFr-on clean cor$iguration. 

(a) Original thrust line. 

Figure 20." Continued. 

(a) mtmst 1i1G tflted a0m 3O. 

Figure 20.9 Continue& 

(b) Continued. . 

Figure 20. - Concluded.. 

(b) Concluded.. 

Figure 2f.- Aerodynamic cheraoteristics in pitch of a -l-kale model 
of the Grvmma;n XTB3F-i ai;plane. 

8 
"l;andbg configuratPon. 

(a) OriginaL thrust line. 

Figure 21.- Continued. 

. . . 

(b) !Rwust line'tilted a0lm 3Oj it = P,25?. 

Figure 21.- C&&u&d. 
~ 

(b) C0nOl&3a. . . 
e 

I~ ---7- .- 
_._ -____.-. -___ _,__ __--____e- e..._-_ _ -.-- _ ^.^ Fe..-- .,-. - _._._.. -- -_ ~-. ~- _ 
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FIGURE LEGENDS - Continued \ 

Figure 22.- Aerodynamic characteristics in pitch of a i-scale model 
' of the Grumman XTB3F-1 Birplane.. Approach configuration, 

(a) Original thrust line. 

Figure 22.0 Continued. 

(II) Thk3t Une tima a0lm 30v 

Figure 22.0~Continued. 

(b) Continue&. 

Figure 22.- COm.Auaea. 

(b) c0nOluaea. 

Figure 23.- Zongituainal trti changes due to power and flay deflection 
of a i- scale model of the Grw XTB3F-1 a&r--lane. Thrust line 
tilted. a0tm 3O, it = 2O15’. " 

Part A 

Figure 23.- Cont+uea. . 
c . . . . 

&t 3 -~ - ;': _~. 

Figure, 23.- Continued. 

. . . (. . 
. . 

Part C 

Figure 23.- Concluded. 
. . 

- . ' 

‘3: ’ 

. . 

Part D 

Figure 24.- Effect-of various wing-flap aeflect5ons on .the aerodyrIlamic 
characteristics in pi&h of a 1 --scale model c$ the cirumman 8 X!L!B3F-1 
abplane, Thmst lfu-ie tilted, a0lF 30. 

(a) Tail offj windm%U~g propeller. 

-__ - _-__.~~_- _.__ _ __-- - .- --- I ---- __-_-- 
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FIGUFB SEG@DS - Continued 

5 

.’ 

. 

Figure &,- Continued. . 

(b) i-t = 2.0'; windnx.ilUng propeller, " 

Figure 24~ Conttiued, . . , 

(c) it = 4;8';.' windmilling propeller. I 

Figure 24~ ihntin~a. . - . ' . 
(a) Tail of'f; half normal rated. power. 

Figure 2k.- Continued. 

(e) it = 2*O"j' half normal rated power* 

Figure 2$,- Concluded. 
.: 

.I . / . 
iowerr . ' 

Figure 25~ Effect of progeller blade angle on aeroQ&& characteristics 
in pitch of a 1 G-scale model of the G&m&~ X!EB3%~'azLrlj&ane~ Tc' = 0; 
sf=o"; Q = 16.37 pounds per s'quara fo:ot.- .: :.! 

Figure 26.- Effect of flap.deflection on neu&al,point.location of the . . , 
$-scale model. of, ~Qe.+umyn~~3F-l aiq&ane. .Thrust line tilted 
aon 3O. ' 

,. _' . _ ._ !. ., J 

(a) 7&dmKUing propeller. *.; 'I' . . - - 
Figure 26.0-Concluded. .. '..'. .' 

. . . . . . 

: ' , 

(b) Half norm1 rated power. . . . . * ,- 
Fiy 27 l - Effect of t&u&, line tilt on neutral point location of thk 

g-scale model of the Grumman X!lB3lj'~-l a&plane. " 

(a) sf = 0' 

Figure 27.0 Concluded.. . .I 

(b) sf = 50' . 
I. 

__ _  _  __ _..*-_ _____ ..__._ _-_ - -.. . .- -~. . ..*- .-.- --rCI.----.-I..--~-^_. _  ----.--- ---- - - _  _~ ~-. - _  
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FIGURE IJEXXDS - Continued. 

Figure 28.- 1 Lateral stabilTty paramters~of a g-scale model of the 
Gruman XTB3F-1 airplane. Original vertical tail; Qriginal.~' :' 
dorsal fin. 

(a) 82 = O" 

Figure 280 Concluded. 
(b) Gf = 500 

. . .' 
*. : 

. 
. - - : . . ." t 

Figure 29." 
1 y..,' 

Aerodynamic characteristics in yav of a --scale model'of 
the Grumman XD33F-1 ati@a;ue, 8 -.. Glide configuration. 

(a> a = -a go; if& = :2O15*; original vertical tailj . 
original dorsal fin. 

Figme 29.- cont+aed. . . 
.(a) C i : '. 0' oncluded,. Gp.= 

. . 
Figwe 29,- Continued, 

(b) a ::8.90, i& s 
;' : 

-2'15';‘ or&giqal verticai tail; original' 
dorsal Pin, 

Figme 29.- Continued. 

(b) Concluded; Sr = 0' 

Figure 29. - Continued, 

(c) a = 8.g"; original vertical tail; 

Figure 29.- Continued. 

no dorsal fin. 

doriii f&z l.3'; 1.5~Snch dase extension 
. 

on vertPca1 tail; orQina1 

Figure 29.- Contimed. 

(d) Contirmed. 
, .’ 

. 
1_ 
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FS- l&&TEE - Continued 

Figure 29.9 Conclu.ded. 

. (a) Concluded; S, = O" . 

Fipe 30.9 1 Aerodpamic characbzistics in yaw of a g-sc@..e model of . . 
the Grurman XTi33F-& airplane. Power-on clean co~igwatio~r 4 

(a) CL = 7:goj ifin = 4Z015’i original vertical tail; original 
dorsal fin. . . 

FQure 36.9 C&&ued. . mm . _. : L. . . ., 

(a) Concluaed~ Sr = 0' .._. ' -:. _. 

Fipe 30.9 Continued. - ;' ,. . 

(5) a = 7.90; original vertical tail; nc+.-dorspl~fint,. I..:. -.: ,, 
Fimpe 30," co&i&&J; .' ' ' '..a ...' :' :,. . 1 : _ ,-:' . : 

(4 CG = 8.2'; original vertical tail. . 

Figwre 30.9 Continued. 

: 

. . . . . . . : 

(d) CL = 9.2Oj 2.54nch tip extension on vertical tail. 

FTgum 30.9 Continued. 

(d) c0d&0a. ’ 

Figme 30.9 Contfnued. 

(d) Concluded; orie;inal dorsal fin; ifin = -2'15'. 

Figure 30.9 Continued. 

(e) a = 9.2O; g-inch base extension on vertical tail. 

Figum 30.9 Continued. 

(e) Conclu.ded. 

Figure 30.- Contimed. 

(f) . a = 8.5O; 1.5~inch base extepsion on vertical tail; 
original dorm& fin. . . 

---..*. 111s _ _..__- I__ -__-_ -~ -- _ ____-_-- --- 
_ - -~ ~, -- I’ 



8 

FI- JLLEG2Qm - ContTnued 

RACA I?M No. L7Gl7 

Fiwe jO.- Concluded. . 
(f) Concluded. *, '. . . . . : 

Figure 31.9 Aerodynemic characteristicq.in yaw of a A-scale model of 8 
the CWmman X!lB3F-1 air@ane. i&aLg CO~EPi~EVbiOllj original 
dorsal fin. ' . . . . . . / 

(a) ct = Ua8Oj ifb = -2O3.5 'j original vert!cal tail. 
1. 

Figtzre 31." Continned. 

(a) Concluded. 

Fig?,zre 31.9 Continued. , 

(II). . a :=~g.6°~ 1.5-&h base extension on vertical *il. . ' 
Figure 31.9 Continued. , 

(b) Conttiued. . '* 

Figure 31.9 Concluded. 

.[:i) Conch&d: ' ' * . ' *. 

Figure 32. - 1 Aerodynamic characteristics in yalr of a --scale model 
of the Grvmma;a XI!!33F-1ai~l~. Approach ccnfi&atIon. 

(a) 0; = 5.6O; ifk = -2'15'; ori&nal vertical -k&l; 
' original aorsal fin. - * 

Fime 32.-~bo~tti~d:. 

(a) Conttiued, 
, , . 

FiGpre 32.9 Contim~ed. 

. -. ' ! 

'. . . *, . 
(a) Contimed. 

Figure 32." Continy&. 

(a) Concluded. 
. . 

_ -.~___--- - - .I-~ -- -__ .-~ -.-P-W.-~- -. -- 
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.* . . ., A.:. . . . . . ;. FLGlEl3 L!ZGZllTB - ContInuea '* . . 

9 

Figure 32.0 Con-ki.nued. 7 . . .I . 

tai.?) 
a = 7.3’; ifb = -2’15’j 2-inch b&e extension on vertical 

. 

Figme 32~ Continued, 

\ (b) &a&nu*d;* 
,' . . . 

Figure 32.- Continued. 

‘b) C oncluded. 
. . 

Figwe 32.0 Continued. 
-.‘ 

. (c) a = 6.70; l,g-imh base extension on vertical tail; 
od.ginal dorsal fin. . . . 

. . . . : 
Figwe 32.0 Conclude’&.,. i . > 

(c) ConclMed. . 
, . . I 

Figure 33. -_Aerodparnic chaxacteristics in-yaw pf a g-scale model of 
the Gmman XTBjF-1 air&lane. Wave-off configurktion. 

(4 . 
. . 

a = 10.10; e-inch base extensS.on on v&&al -Gil. 

Figure 33." Con+i.nued. ' 
. : .' 

(a) Continued. 

* . . 

Figwe 33. - Continued. 

(a) Concluded; originaL dorsal fin, , 
's 

Figure 33.- Conthuq$.~ . . . 

(b) a = 8J"; -"I ' 1.5-i&h base extension'on v&tieaL tail. 

Figure 33 .- Continued. 

(b) Continued. 

Figure 33.- Concluded. . 

1,'. 
>I. ., '., ! 

(b) Concl;uded; iir = O". . 
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FIGURE LEGENlX - Continued 

Piwe 34~ E$fect of 
B 

Ico_aeller blade angle on serodymmic character- 
istics ZIX yaw of a g-scale model of the Grumman XlfB3F-1 atiplane. 
To' = Oj Sf = 0'; q,= 16.37 pounds per square foot. ' 

k4 a = .89’. 

Figure 34.- Concluded. 

(b) ct = 8.%“.‘ 

Figure 35.- 1 Aileron chexact8ristics of a g-scale model of the 
Grumman xTJ33~-1 ab@mq. ~~indmiUing _propeUer; eaL = 0'. 1 

(a) Glide configur&tion. , 

Figure 35.- Concluded. A ' 

(b) Landing configuration. 

Figure 36.. Effect<f. jet sigulation on'the aesodynmnk charaote$stics 
1 . , 

in p:itdh of a g:scale.model of the~~Gr&mn XiB3F-1 airplane. 6f = O". .- . . 
(a) Propeller Offj.fi.ow cond.ition~'!PP". ., 

Figure 36.- Continued. . . 

(a) Concluded. 

Figme 36.-. Continued. 

. . 
. *I 

(b ) Propeller Of 9 j fl?W.. ~~oJl&i.tion- 'T ". ' 

Figure 36.” Continued. 

' 
. . . . 

(b) Concludedl ._ 
,. . . . .: 

. ;.. 
Figure'36;~ Co&snvSd. 

I : *. ‘ 

(c) Propeller off; flov condition 'fs", * 
. . 

figure 36.” Continued. 

(c) Concluded. I 
1 

__-.- _-- _II_ -_ .- I-~ ..~ _ _ ~~ -.-a..--- --A--- 
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FIGUKE IJWNl?S - Continued 

Figure 36,- Continued~ 

x (d) Power-on Cleanj flow condition 'tPtl. 

FZe;vre 36.0 Continued. 

(a) cOnChd8& L 

inure 36.- Contkued. 

(a) Power-on clesn; flow oondit%on '1'. 

figure 36. - Conclutied. 

(8) cOIXmd8de 

Figure 37. - Effect of jet simulation oh neutral point location of the 
a 
8 -scale IllOd81 of the Grumman XTB3F-1 airplane. af = O" / 

Figwe 38.- Effect of airflow through the duct system on the aerodynamic 
characteristics in pitch of the scale model of the Gruman XTB3F-3. 
airplsne. it = 2 l J-6Oj 

k- 
lauding configuration. 

Figure 39.- Effect of jet sj.mLLation on the aerohynvnic chmac-tmistics 
in yaw of a i --scale mo&el of the Grumman X!iB3F.-1 air_l?lane. Glide . 
confiwation; CL = -97; 01, = 9.8'j propeller off. . . . 

Figme 39.- Concluded 

Fl.gme 40.- Effect Of airflow %I?OU@I t$e duct,system on th8 a8%OdpSdC 
Cha%aCt83?iStiCS in yaw of the l-scale model of the Gruman XTB3F-1 

,. airplane. Landing confi@xMA%; a = ll.8'. 

Figure &- 1 Aerodynatic characteristics in pitch of a g-scale model of 
the Grumman Xm3F-1 a&lane 'crjth @ound board in place. Landing D 'Confi~~ationj P = 25’; original thrust line,' . 

Figwe 41.- Continued. 

(b) + = 2.25O* 
., ; I 
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FIsKx.n?~ LEGB,rn .- contj.nuea 

Figure 4L- Continued. 

(b) cOdm2.8a. _ 

Figure 41.- ConOlvded. 

(b) cOnClUd8d. 

Figure k?.- 1 Aerod3amic chare&eristics of a --scale BZOd81 of the a 
Grmmen ZJBF=l &-plane xith ground bomd 3.n place. Take-off 
configmation; j3 = 250; 6 = 00. 

(a) cL = O"j original ttiust line. 

Fip8 42. - Continued. 

(a) ContZnued. . . 
Fime 42.- Co&me&.' 

(i) r cCpdLZi8d. . 

Piguzre kz.- Continued. . 

: ‘ 
i 

. 04 a = 11.50; origl.zG~l thrust line. 

Figure k?.- 'c&Mm.&. ' 

(b) Continued. 

FigUr8 42. - Continued. *- r '; ! < 
(b) Comluded.. 

Ff@33?8 4-2. - cOntiDA8d~ 
. , .* . 

* ' 
(4 a = -9 lo; thrust line tilted, a0xm 3’. : . I . .'. ,i s . . 

Fig&e b.- Conixinued. 
r :-, . . . . . ' . * 

(c) Concluded. 

Figure 42. - cOntbLI8d. 
i:: : . : . 

(a) ct 01 
.- 

= 11.3 , thrust line tilkd a0mi 3O; it f 2.25O. 

-  ~Il-i ---___ 
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FIGUSE KEG= - ContLnued 

Figure 42;" cOnClUd8d. 

(a) cOnCh%d8d~ 

FigIn 43," Effect of rudder deflectiion 1 on the ae~oa.ynaslic character - 

13 

istics of a z- scale model of the Gmuman XQ33F~l airg1s.w d&h the 
@owl21 boaM"in ?olac8: Take-off configuration; p = 15'; $ = 0'; 
original dorsal Pin; ifin = -2Ol5'. _. . -. 

(a) a = O"; 'original thruSt liil8; ori@nal vertical $atl. 

Figure 43.- Continued. . . . . - . . . y..- . II. 
(a) Continud.. . . r : 8 . .! - .*. . . I 

Figyq 43.- Co&inued. . . _*' : : . . 

(a) Concluded. 
, . . : : . '. . . . '. . 

Figure r&3.- cOIXi&U8d. 
. . . . . . ..:, :, *: '. . . . . . . ,. : 

.I 
W a = 11.50; original thrust line; or&inalC vei%ical tail. 

Figure 43.- Continued. _' 
’ 

:  .  , . :  1 .  I  
: .  .  ..>’ . . :  1 ” .  

* :‘.’ .*.ib.) Conf..m& : - ., ; < -.+.- .*. -:,. :, -1 ‘: .‘ . _( * . - ... .I’ . 

, -... . . . _’ ., . .c. .:. . 
: .-; . .: 

, . ..L’.. .: 

Figure 43." i0&i.&.ea. 
,_ . ._.: 5, .: . : 

1 

[b)'$&&&8~w~o'~ 
. . .,. . 

I"' . ,. : I ':..' ". _'I . *: ' .- .: . , . . .- 
Figvr8.43.'i .Gont~~a.* .- ,* I- 'lo - i, . ._. - . 

. . 
(c) a = 11.4';, 1.5"inch base 8it&i&0i bii vertid 'tailj 

thrust line tilted'ttoim 3O. : . . . . 
Fig~28 43. - cOnth.U.8d~ 

. ' I..-.'.. .I; 

. 
. -_: 

, .fc) ContiFued. ' 1 1 . . . I - . . . 
Figye 43*; Conclu&e&. _ . ' . : . . _ .: 

. . . s. 
(b)’ Coii&udea. . 

.; .. .‘. : . . . . -* :. _. 

.’ _ . r. 
. r’ . : : ; .: . .., . . ‘. . 

. , . . . , . . 
,. __” _, ,._----. .-.-- -,-_ -r- i<---w-.---.-------- - - - 
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FIW IBGl3l~ -%%nt3nued 

Fi,@re 44. - Wfect of r%dder deflection on the aer0dynzuic character- 
istics of a i-scale aode of the Grumnan X9331-1 aizylane with the 
g0ma board in place. miW~at8d take-off ti a 17.6 m.p.h. 

- crosswind, from the left -at 90° to-the flight pth; take-off 
configuration; G = Lt..4 d; p = 150; '1.5"inch base extension on 
vertical tail) original-.dorsal'fin; t&rust line tilted dam 3Oj L 
ifin = "2'13'.., . - 

Figwe 44." Continued. 
. I. . 

Figure 44.2 C&&a&, ' 

Figure 45." j%f8Ct of ext8mal stores 0~ the 8.eoaynamic character- 
istics‘in pitch of a 1 --scale model of the Gruman 1111B3F-1'air-lane. 8 
Thrust 151~ tilted aovn 3'. 

(a) Glid8 configuration. . . 
Figure 45." Concluded. I 

(b) Paver-on clean cor&Qgration. .s _ . : . . 
Figlme 46." Increment in neutial-point location due 'to external stores 

for a &scale model of the Grmmn XTE3F-1 air&ne. 
,. 

Figm? 47." Effect of eikm?nalLstor8s on the la-k&al stability . 
permeters of a j$- scale IIIOd81 of the &mm %TB3F-1 airylane. 
Large doreal fin; 1.5~inch base extension or vertical tail. 

(a) Glide cozfigwation. . .:. . . . 
Figure 47..- Concluded. :,-_ . . . . . .' . . . . 

(b) Power-on clean configwation: 

Figure 46." Effect of external stores on the aeroQnaXic character- 
istics in yaw of-a- hm2.e model of the 8 Gr 11~2~31X~3F-lairplane. 
Lar-ge dorsal fin; 1.5"inch base extension on vertical tail. 

(a) Glide confIguration; a Y -l.i', CL'= 0.11. 
.., * 
. 

_--- _ - . _~ ---- .~_ _ ~. --~ -_-___ __-_ -_---. 
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FIGEXE LEGEbES - cOnCbd8d 

Figure 48.; cOnCiUd8d. 
I 

(1) Power-on clean configuration; & = 9.8’, 5 = 1.05. 

Figure 49..- Aerodynamic chaxacterlstics of the iSOlat8d horizontal 
tail of a i-scale model of the Grwman XT53FLi air--lane.. 

(a) Get = 0’) 6fmtiil = 0’. 

Fig1.128 49." ConthUd. 

(a) Concluded. 

Figure 49.” Continued. 

(b) se = o”; Gfmtail = o”. 

Fif3~3?8 $k cOntiIIU8d. 

(b) cOnCbd.8d. 

Figure 49." Continued. 

(c) 68 = 0’; 8, = 0’. -’ . 

Figare 49." ConClude&. 

(c) Concluded. 

P  

15 



NACA RM No. L7G17 Fig. 1 

t. 
b 

: 
. 

I)** 
. l 
b l 

I 

. . . . 
0 

D 0 

l .t 
l 

Al din&s in in&es. 

-w -J-’ I -v I fh 

Eyure 1. - Three -view drxnung of fhe $-scale model of fhe XTB3F-I airplolne. 
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NACA RM No. L7G17 Fig. 2 

Figure 2 *- System of axes and control-surface hinge moments 
and deflections. Positive,values of forces, moments, and 
angles are indicated by arrows. Positive values of tab 
hinge moments and deflections are in the same directions 
as the positive values for the control surfaces to which 
the tabs are attached. 

I  
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(a) Three-quarter front view, flaps up, 
c 

Figure 3. - The L- 
8 scale model of the Grumman XTB3F-1 airplane mounted in the 

Langley 7- by N-foot tunnel. 
NA113NAl I~IM‘I’WI , “~,a, I, I I rr,, ,,, ,,g>h,,~,,,< I, 

LANGLL Y MI UOllrAl /Lf “o~n,rr,,.n, , A,,~,,,PI,,,HI ,wwrr rt,,v \,, 



. . . . . 
. 

.:.. 

(b) Three-quarter rear view, flaps down. 

Fil<ure 3. - Concluded, 
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Fiqure 6. - Drmzing o f the or/@&a! vevfl’cd fall of the &scale mo tfe l 
o f fhe Grumman X TEF-I a jrp /ane. 
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NACA RM No. L7G17 Fig. 6 
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Tip extension 
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2 B ‘b c b 4 i?z 

t ------- 2,Qt;l + , 

Base extension I 
NATIONAL ADVISORY 

C O N M T T E E  F O R  AERONAUTICS  

Figure 6.-Modifications to vertical tail of the b-scale 
model of Grurnmcan XTB3F- I sirplune. 
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Section A- A ' Average trdin 
edge angle , 
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4 R 
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(a) Front view. 

Figure? Il.- General arr:xgcm:nt of cxtcrnal stores tested on $-scale model 
Grumman XTB3F-1 airplane. 
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(b) Three-quarter front view. 

Figure 11. - Continued. 
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(c) Detail o f gun package. 

F igure 11. - Concluded. 
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NACA RM No. L7G17 Fig. 14 



r 

i 

b 

.:r. 

Fi&ure 15.- Variation of effective thmd cosfficient with lift ooefficient for the Gmunman 
X!lWF-1 aimlane. 
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Figure X8.- Comparleon of! mass fl.ow of air into wing ducts obtained in model tests with full-scale 
Grurmm ILTRZ-1 airplane data. 
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(b) Continued. 
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(b) Concluded, 

Figure 19.0 Conoluded. 
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(a) Orl&al thrust line. 

Bi@.re P.- Aercdymmio chamctmistics in pitch of a  l/S-scsle mcdelof the Gnuman XlTCP-1 
airplane. Pmer-an clean coJlfl&3mltion. 
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(b) Thrust line tilted dam 3' 
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(b) Continued. 
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b) Concluded, 

Fiatme 20.- Concluded I 
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NACA l3M No. L7G17 Fig. 21a 

(a) 'kQkm.l thmst line. 

Fl&m3 21.- AXCdynaniC ChaPMtmisticS In pitch cri- a l/&scale nodelof the Gmz,a,m 
alrplcsc. Icmdlll~ confiGupLltioT1. 

XiT3F-1 

_-_ --. .-_ 
--.~ -.-- --.----’ .w<_ ._ 1 



P. 
.: 

. . 
I . 

NACA RM No, L7Gl7 Fig. 21b ) . . 
l 

: 
. 

mm. . ~. . . 
* 

I 
pm.: 

. 

. l : . . . 

I I i t I t I I I I t i I I. I I 

I I I i Ii! I Ii I 

1 

k--l 
) NATIONAL ADVISORY 

I 
1 CCWHITTEE FOR AERO!l fUTlCS 

i ; i i i 1  f - 

(b) Tilrwt l.lne tilted dom 3% it =  2.29. 

zsi~11-.3 21.- Continued. 
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Figure 21.- concluded. 
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(a) orl@ml. thxust llm. 

PlQm 22.- Aerdyxmnlc cbaractaristics in pltchof 9 l&-scale uwlelof the Grumman XiEiZ-1 
airplane. Apprcach ccmfl&urotion. 

L __ .-. -- .-- _.-. .- .- I .  .-. .- ._c_. ...---------,. I___. .,~I 



. . 
‘: 

: . . . 
,. . . . 
I’. 
I l 

,.: 
. 

Li 
. 

NACA RM No. L7G17 Fig. 22b 

~I I- I--I 77 q ! ! ! ! !o/-JJ! ! ! ! ! ! I , -. !~! 

I I I ,,,I ,,,I1 I'I II 
:,., 

11-111111-1 i i i i’i i i i i i i i 

(b) 'Thrust line tilted dmm 3'. 

I 
L. --_ ~. - __ .- - -__- - _, --. --. .-_ <- ..-.. 



NACA R&I No. L7G17 Fig. 22b cont. 

: 
‘: 
: t. . 

, . . . 
. 
: 

.: . 
. 

.: . 

I I I I I I I I I I I I i I I 

1 I 

I .I I 

L- . I_ ..__^. .,-_ .mc  _.I  -.__. - __.-. _ ^+ __I. - _-. -..- _-- 1 

(b) c!mtlnuea. 

Figzu?x 22.- cmtimtea. 



Fi@re 22.- Concluded. 

0 

.:r. 



0. . . . 

I: 0. . 
)W 

: . 

i’: 

m: . 

4 . 

NACA R&l No. L7G17 Fig. 23 

I I I I I I I . II I I I’ ’ 4 , : ;‘I I; 
1 I I I I 1 !‘I ! 1 1 ] I ]! ,kl “**I, 

i i 
, I * L ! l-Y-Y9 / ‘PPI i 

~ : : ! I : ,I I ! ,i 14 i - I i ii-I 

I  

i-_ I_- .  .  _. -. __--.A_ x_.  .-~- - -- _ __-__ .__~ , .  

Part x 

Figure 23.- Loegituainai trin cb~gh3 am to p02er aa fhp defwti0n oi n Vanale nod01 0f 
the Gnunm, -XT23F-1 sirplane. !mlvst line tilt0a am 30, it = 295'. 



#O 

: 
. 

, : . . . 
)O 

: . 

:‘. b  0  

m: . 

).i . 

NACA RM No. L7G17 Fig. 23 cont. . 

9 I I 

I 
I Id 

I ‘I I I 
I I : ;‘, ,,! : i_ ,- i,l ,, -~,e / 

I 1 IU I I I I I 

1‘ I , . I , 1  I I 1  
1  I I I I 1  I I 
.’ / 1. IAnI I 1 I I I I I I I I I++ ~+j++t, .r~ I 1 : 1  .ii i ’ ’ ~‘2 , , , ,.” , , , 5 ,v, , , , ( , , , , , , 

iAf I #!.P.dff ;I)rLuJtl 
I I I I.1 I I I 

I I’I II-I I I I I I I I II -++ / I I / 
I I I .-- I L  __. !T-A 

F&me 23.- cmtinuea. 



0. 
. . 

l 
. 

. .: . . . 
. . 

D 
: 

. 

. . . . . . . ?  
m.: . 

D b 
l .: . 

NACA R&l No. L7G17 Fig. 23 cont. 

!  

/  

1  

L-- --- -~ .  -c_.  .--. .~ ,,--.,_ ._.  ~.-“--_ _ _--.~ _ _- ,-, _  _ I  

Flieure 23.- mtic30a. 



. 

: 
. 

: 
bb 

. 

. 

: 
. 

b 
. 
. 

. 
. . 

. 

t : 

l : 

NACA RM No. L7G17 Fig. 23 cont. 

e I I t v I9 ! I u IT # I I I i 

I I q 1 t !-l-r-I I I I . l~l.Al I I -i”“““‘i” -‘I I I I I I I I I I lfnl w-l I I 
I I I I I I I I I I I.1 m' , 1'4 i;“; I KLI I I.1 I i IYI IQ r I I ” 

I 
L.. .- _- .- .- lc_^ --- - ._ -__ _-- . . _~. . i 

Pert D 

r'iwe 23.- c0ncluaea. 



\ 
bbb 

: 

.: 
. . 

. NACA RM No. L7G17 Fig. 24a 
.I 

: 
. 

Y. . . 
..: . 

l .i b  
~ -. 

i i i i i i i i wi i 
+m ‘i-i 

_  ‘. I ,~ II ._ h  ,:I< l? I .2-p %, 1  vFif 
&., I ; c,. I , ,:.- A+ & gg  t 

” 
*, .;~‘.; .a-, , 

u- ! ! ! ! ! ! ! ! ! ! ! ! .! 
:,( 

! 1’ 1*-J LlL .,.; i, :* ,“, i., ,~i :,: 
,- r-? or 

t i i i i i - I i 

i- i-f i i i i 

(al Tall off; t in&ml* propsller. 

??ip.~O 24.-EfSeCt of vnri0V.S T7hUpfap a~f lWaXL3 onthe OSrO~lC chnraCt0ristic3 in pitch 
Of a  I /asde ncdelof the Gi-unmn XlBBF-1 a-lane. Thrust l ine tilted aam 3% 

/ 

L  i .__ .._-. _,.. _,- _--_I I__ -_ .-* . _-....L, - - .- . w.. ..m_. ---. --. 



:.. . . 
,: . . . 
. . 

: . 

E’: 

..: b 

NACA RM No. L7G17 :> . Fig. 24b 

(id it = 2.00; dndnilli~ prop31lar. 
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“Y.Ia”rc, 

AERONAUTICS’ 

~i.gur.3 25.- Efiect of propeller blade angle on aerodynemlc characteristics in pitch of a 
~/&scc& model of the Orunman XTBJF-1 airplane. T=’ = 0; bf = o”; q = 16.37 
pounds per squire foot. 



(a) Windmilling propeller. 

F&xre 26.- Effect of: flap defleotion an neutral point location of the l/B-scale modei of the 
Gr:rumman X?l!B3F-1 airplane. Thrust line tilted damn 3O. 
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(b) Half normal rated power. 

FQure 26.- Concluded, 
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Figure 2?.-Effect of! thrust line tilt on neutral. point location of the l/8-scale model of the 
Grumman 'RpB3F-1 airplane. 
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(b) 6f = 50' 

Figure 27.- Conclucled 
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Figvrc a- Lateral stability ~rmeters at? a  l/E-scnle mdel  of the Gm :mF-1 
airpIano. ori&?al vertical tail; original amsal  fin. 
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b) a= 8.7'; 1.5inch base extension on vertical tall. 
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Figure 34.- Errect or propeller blude angle on aerodgnrrmlc cbaructerlstios in yap or P l/8-scale 
model of the Orumm~n XTBSF-1 airplane. 
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